it demonstrates that considerable judgment and skill are needed in the early stages of an assessment, when the methodological framework is determined, so that the outcomes can meaningfully (a) meet the goals of the federal policy, (b) respond to the political and quality-of-life concerns of citizens, and (c) point up areas of concern that transportation agencies can address in mitigation measures and project decisions. A deeper understanding of the potential effects of methodological decisions will inform the framework for EJ assessments and ultimately lead to improved outcomes of transportation decision making.
The 1994 signing of Executive Order 12898 (EO12898) requires federal agencies, including the U.S. Department of Transportation (USDOT) and FHWA, to determine if negative effects from proposed projects will fall disproportionately on minority or low-income populations.
EO12898 has proven frustratingly vague in practice, as is the USDOT guidance on how it is to be applied for road projects. Faced with this ambiguity, practitioners and researchers apply a variety of analytical techniques that involve a considerable amount of judgment and making some important assumptions. Using a Florida road project as a case study, this paper compares several methods. The merits and weaknesses of each method, as well as considerations of the limits to the assessment as a result of data constraints, are considered. The method selected is shown to have a substantial influence on the findings of the assessment.
The goal of this study is not to determine an absolute best method to be prescribed for environmental justice (EJ) assessments. Rather, Thus, it is important to think critically about the various methods of EJ assessment currently used by transportation agencies. Sorting through the methods to steer this evolution will help bring about positive institutional change that will have real implications for communities across the country.
METHODOLOGICAL CHALLENGES
In conducting an EJ assessment, the analyst must make a number of choices. Each choice involves a particular set of assumptions and constraints, and each choice can influence the findings. First, the study area is geographically defined. Second, the reference area, the area with which the study area will be compared, must be selected. Third, a decision threshold must be set. Thresholds are the value at which a finding of disproportionality must be calculated for each protected group included in the assessment. Each of these decisions and their implications for an EJ assessment are discussed below, and the structure and meaning of the data that EO12898 and USDOT guidance prescribe for EJ assessments are considered.
Defining the Study Area
Generally, the most appropriate method of delineating the study area is to identify the likely negative effects, determine the spatial extent of those effects, and then ascertain the population numbers for protected groups that reside within reach of those effects. The literature typically reports a straightforward identification of the population of interest as the census tracts or blocks immediately adjacent to or bisected by the project corridor. It is common to consider the populations at various distances from the project to capture the variation in distances over which different types of effects are felt. These distances are then used to determine a study area buffer or series of buffers. Many agencies then treat these buffers as delineating zones in which certain effects will be felt, with the buffer standing for the mapped area of the actual effect.
Although this approach works well for effects that have a known, mappable extent (e.g., noise isopleths), it is less clear for social or indirect effects (e.g., community cohesion). To map social effects and assess the current and projected states of a community, the geographic limits of that community must be defined in some way. This poses some serious difficulties. Block groups or census tracts are unlikely to be contiguous with the boundaries of a community in which people live, and manipulation of those boundaries and data could result in significant aggregation errors or ecological fallacies. Researchers have proposed alternative community mapping strategies, all of which require considerable local outreach, data collection, and analysis efforts (4-6).
Project area buffers will rarely, if ever, coincide with census geographic boundaries. This requires some method of deciding what census units and how much of them are to be included in the buffer. Three methods are commonly discussed in the literature: polygon containment, centroid containment, and areal interpolation (7 ) . Polygon containment includes in the study area the entire area of any census units that are inside or intersected by the buffer. Centroid containment requires that the geographic center of the census unit be determined and that all units with centroid points that fall inside the buffer be included in the study area. Areal interpolation requires calculation of the percentage of the area of the census unit that falls inside the buffer and then assignment of that same percentage of the unit's total population inside the study area. Each method has its disadvantages. Polygon containment can include areas some distance from the project corridor and exclude areas very close to it, depending on the relative positions of the census unit and the study area boundaries. This method will also extend the study area far beyond the boundaries of small buffers and thus disregards the distance decay effect of many negative impacts, as it assumes that any effect felt in any part of the unit will be felt by all residents of the unit. Centroid containment tends to exclude census units adjacent to the project corridor, especially in cases in which the census boundary coincides with the project corridor, which is a common situation. This method assumes that the actual population distribution is centered around the geographic center. Use of this method also means that census units may not be included in the study area, even if the majority of the population actually resides inside the portion of the unit inside the buffer. Areal interpolation assumes that the population is evenly spread across each of the block groups. Furthermore, this method includes a portion of any census unit's population, even if the area included in the buffer is uninhabited because of the assumption of an even spatial distribution. The use of very small geographic units (block groups as opposed to tracts), however, helps minimize this problem. The inclusion of small buffer sizes in the assessment requires the use of a method that will include some portion of the census units that fall inside those small buffers to offer any results at all. Furthermore, the smallest buffers would be expected to experience the greatest number and magnitude of effects from a road project. (For a graphic comparison of the three methods, see Figure 1 .)
Defining the Reference Population
A number of investigators have identified the choice of reference population as one of the most influential factors in determining the outcome of an EJ assessment (8, 9 ) . It is the reference population that establishes the baseline, the denominator of the equation by which disproportionality is calculated. Thus, the choice of reference population can have important implications for the outcome of an assessment. Yet the method of determining the reference population is not clearly set forth either in EO12898 or in the USDOT guidance.
In practice, reference populations have been chosen in a number of ways. In his EJ assessment of a light rail line expansion in Seattle, Washington, Miller defined the reference population as the tax and service district of the transit agency, as this population would include the urbanized portions of the county and is equivalent to the area used in the agency's data report to FTA on EJ compliance (10 ) . The Ohio-Kentucky-Indiana Council of Governments (OKI) takes the population of the metropolitan planning organization's area of jurisdiction as the reference population (11). Most et al. generate a reference population by aggregating the larger census units [two counties and one metropolitan statistical area (MSA)] that contained the census block groups that would be negatively affected by an airport project (8) . Forkenbrock and Schweitzer used the MSA for an experimental assessment of a road project (12) .
Defining Disproportionality
The idea of disproportionality recognizes that transportation projects do indeed generate negative effects, which are generally felt at or near the project site, whereas the benefits tend to be realized much more diffusely. Although the USDOT guidance is clear in defining the income threshold that will define low-income people, it is remarkably silent on the issue of defining the threshold for what constitutes "disproportionate," as is EO12898. Agencies and researchers have used a variety of standards to determine the threshold of disproportionality. A common approach uses a formula that echoes the location quotient approach used in economic analysis to compare a local economy with a reference economy to determine if the local economy is specializing in some industry (13) . For EJ assessments, the equation is typically constructed as If this equation results in a number greater than 1, there is a greater proportion of a protected population inside the study area than in the reference population. Examples in which this equation was used include a study by Chakraborty and Armstrong that projected air pollution impacts from a road project (14) . This method has the appeal of being simple to calculate and explain to decision makers. It has the disadvantage of being highly sensitive to any inaccuracies in the data. In this paper, the method that uses the percentage of protected groups in the reference area population as the decision threshold is called the absolute method. A ratio is not calculated so that this method can more easily be compared with the other methods, but the underlying logic is the same as that described above.
NEPA guidance suggests a decision threshold when there is a "meaningful greater percentage" of protected groups in the study area than in the reference population (15) . Miller cited this guidance as the grounds for his decision to designate low-income or minority areas within a study area as those areas with percentages of those populations greater than one standard deviation from the mean for the reference areas (10) . This approach would certainly avoid the political difficulty of justifying special mitigation efforts for a project area with only marginally greater numbers of protected populations than the reference area. Depending on the distribution of minority and lowincome populations within the reference area and the unit of analysis used to calculate the mean and the standard deviation, this method could also fail to capture small concentrations of protected populations within the study area. This approach also has the disadvantage of being more difficult to explain to people without a background in basic statistics. Like the previous method, however, it is easy to calculate. In this paper, this method is referred to as the standard deviation method.
Yet another method has been applied by OKI. OKI defines a "target area" as any census block in which the percentage of any protected group is 25% greater than the percentage for that group for the OKI jurisdiction (11) . Similar to the standard deviation method, this approach might mask the presence of small but highly concentrated groups. The method is less rigorous methodologically, and the value of 25% is clearly arbitrarily set, unlike the standard deviation, which is derived from the data. The OKI approach has the advantage, however, of being a simple calculation that can easily be grasped by nontechnical audiences. In this paper, this method is referred to as the plus-25% method.
Other methods are likely applied by agencies across the country, as transportation professionals and researchers seek a method that satisfies the legal and political requirements yet that is practical in terms of the data requirements. Whatever approach is chosen, the decision threshold for a determination of disproportionality can have important implications for the outcome of an assessment.
(protected population in the study area/ tota al population in the study area) (protected population in the reference area/ total pop pulation in the reference area) One criticism of EO12898 has been its focus on the proportions rather than the actual numbers of people who will bear the effects (16) . In practice, this has important implications. For a road project, it may mean choosing an alternative that avoids a sparsely populated area with a high percentage of minority residents in favor of an alternative that negatively affects an area with a lower percentage of minority residents but a larger actual number of minority individuals. The wisdom of choosing to harm a greater number of people to avoid a smaller but more concentrated minority population is somewhat unclear. Furthermore, strictly adherence to EJ guidelines may lead to nonminority or non-low-income populations being disproportionately subjected to the negative impacts of projects. This gives rise to the concern that negative effects will be disproportionately borne by groups that are not specifically protected under EJ guidelines, which would be unjust.
Data Issues

Income
For the purposes of EJ assessments, FHWA defines low-income people as those whose household income is at or below the poverty guidelines set by the U.S. Department of Health and Human Services (DHHS). The guidelines are a somewhat simplified version of the poverty threshold released by the census. Substitution of the threshold for the guideline has been done by a number of researchers and practitioners, which is a sound and practical option supported by DHHS (17) . Agencies may also elect to develop their own measure of poverty (e.g., 80% of the median area income).
The number of people whose incomes fall below the census poverty threshold is available in sample files rather than 100% counts and is available only down to the block group level for privacy protection reasons. This introduces some potential for error. Practitioners may find local data sources that could offer income figures at a fine scale, such as local or county tax authorities. Although FHWA states that a person with a low income should be defined as a person whose household income is at or below the DHHS poverty guidelines, the census reports the numbers of households with incomes below and at or above the poverty threshold (2). This may result in a slight undercount of low-income people, as those people whose incomes are at the poverty line will not be included.
Curiously, the U.S. Environmental Protection Agency (EPA) recommends that the annual statistical poverty thresholds from the census be used to delineate low-income populations for EJ assessments (15 ) . USDOT does state that whenever their definitions vary from those of the Council on Environmental Quality and EPA, they do so to reflect the refinements necessary to fit within the context of the USDOT program (2). Yet this lack of coordination between the available data and guidelines can only serve to frustrate practitioners and perhaps offer loopholes that could be exploited either to mask the true nature of the local population or to initiate costly legal action.
Race
In response to criticism that the racial and ethnic categories collected by the census failed to capture the racial and ethnic composition of the nation accurately, the standards for federal data on race and ethnicity were revised and expanded beginning in 2000 (18 ) . For the first time, respondents were able to report two or more races. The Office of Man- agement and Budget (OMB) has issued guidance on how multiple race responses are to be allocated for the purposes of civil rights issues. Responses that combine one minority race with white are to be allocated to the minority group, and responses that include two or more minority races are to be allocated to both categories and the assessment should be conducted by looking at the patterns based on the resulting alternative allocations (19) . In other words, if an area contains a population of people who classify themselves as both black and Hispanic, an assessment is likely needed for the disproportionate effects on the black population and on the Hispanic population, allocating the numbers for the black-Hispanic subgroup to each of the larger groups. OMB also states that any combination of races or ethnicities that constitutes more than 1.0% of the population in a jurisdiction (e.g., Asian and black) can be apportioned as an independent group for consideration in an EJ assessment, although such decisions are left largely to the discretion of the agency. Although census data are widely respected for their quality and consistency, there is evidence of systematic undercounting. Studies have found that the net undercounting of all groups is declining, the undercounting of blacks is increasing, and the amount by which groups are undercounted varies from place to place (20) . Therefore, the potential for undercounting of protected populations should be kept in mind.
CASE STUDY: US-92, DAYTONA BEACH, FLORIDA
To illustrate some of the challenges of EJ assessments, an assessment for a road project in Daytona Beach, Florida, was conducted. Daytona Beach is on Florida's east coast and is the county seat of Volusia County (Figure 2) . The Daytona Beach MSA comprises Volusia County and Flagler County to the north. The project is described as a capacity project and proposes widening a 1.156-mi urban segment of US-92 from four travel lanes with a center turn lane to six travel lanes with a raised median (Florida Department of Transportation, project description, unpublished project document). The proposed cross section includes a sidewalk but not a buffer between the sidewalk and the traffic lanes. The anticipated negative effects from the project include increased noise, vibration, less accessibility because of limitations on turning movements, and decreased levels of service and safety for pedestrians and cyclists. The project also will require acquisition of property for the increased right-of-way and for storm water detention (Florida Department of Transportation, project description, unpublished project document).
The US-92 project is currently moving through the Florida Department of Transportation Efficient Transportation Decision Making (ETDM) program. For this project, the ETDM framework delineates the study area with a series of buffers at 100, 200, 500, and 5,280 ft from the centerline of the corridor. In the framework of this analysis, each of these buffers can be understood as standing for effects of different types or intensities. This study compares the populations in the four study area buffers with three reference populations: the MSA, the county, and the city. The decision threshold for a determination of disproportionality is set by using the three calculation methods described above.
Before the method that was the most appropriate for determination of the study area was determined, the three methods described above were compared by using geographic information system software. Figure 1 offers maps of the study areas produced by each method. Given that the most intense and direct effects of the US-92 specific federal guidance. These agencies may be seeking to consider populations of racially heterogeneous communities or are identifying general target areas for which further, detailed assessments will be carried out. However, making calculations based on a generalized minority group may also blunt public outreach efforts and not point out areas where mitigation should be directed to the specific needs of particular groups.
The population percentages for each group within each reference area were calculated by the areal interpolation method described above. In some cases the city boundary intersected a block group. Therefore, the standard deviation for the city (S) was calculated by using a weighted mean: project were those for which mitigation will most likely be necessary, it was important to use a method that included areas of all the block groups that were adjacent to the corridor. Thus, areal interpolation was selected as the most appropriate for use in this analysis.
DEMOGRAPHICS
This analysis uses 2000 census data and follows the OMB guidance that assessments should use alternative allocations to each of the minority groups. Thus, people who are both black and American Indian/Alaska Native (AIAN) are counted in the totals for each of the black and the AIAN groups. This method does not constitute double counting, as each group is considered separately; there is no overall minority group in which people of both of these categories would be included. Although many agencies conduct EJ assessments by counting all minorities together, such an approach is not according to where X i is the proportion of the protected population in block group i, and N is the population of the city and where where M i = population of a protected population in a block group, P i = total population of the block group, and w i = percentage of the area of the block group within the city boundary.
The population inside each buffer was similarly calculated to prevent block groups with small areas inside the buffer from having a disproportionate effect on the mean. Table 1 presents the decision thresholds for each reference area and each calculation method for the protected groups to be considered under USDOT guidance.
No categories reporting two or more races comprised 1.0% of the population of any reference area. Practitioners should note that the guidance notes that any multiple-race group that makes up at least 1.0% of the overall population in the jurisdiction of the agency proposing the project should be considered in an EJ assessment. In this case, it is unclear whether the "jurisdiction" would be defined as the state of Florida or the nine-county Florida Department of Transportation District, a point that could conceivably be contested. Table 1 reveals some interesting results, particularly for the lowincome and black population groups. Other groups are not represented by substantial numbers within any of the buffers. First, looking at the percentages of low-income and black individuals across buffer sizes, the values are very high in the smallest buffer and decline across the increasing buffer sizes. This indicates that the project corridor runs through a concentrated population of these two categories of protected populations. For EJ considerations, this is particularly important, as many of the negative effects of the project will likely be felt by these individuals, who are the closest residents. Table 2 presents a matrix of which protected groups are disproportionately represented in each of the buffers surrounding the US-92 project corridor, depending on the reference area and the decision threshold. The selection of the reference area and of the decision threshold will affect the determination of disproportionality at different distances from the project corridor, particularly for those groups that make up low percentages of the population (e.g., AIAN and Asian individuals). Application of the standard deviation decision threshold means fewer findings of disproportionality at greater distances from the project corridor. Furthermore, more groups are found to be disproportionately represented inside the buffers when their numbers in the buffers are compared with those in the MSA than when their numbers are compared with those in the city or county. Low-income and black individuals are heavily represented inside all buffers, no matter what decision threshold is chosen, in comparison with their proportions of the populations in the county and the MSA reference populations. In comparison with their proportion of the population in the city, however, the results vary. Although in the smaller buffers the percentages are unquestionably higher than any of the decision thresholds, the results change farther away from the corridor. The proportion of low-income people in the 5,280-ft buffer (35.42%) is below the standard deviation decision threshold (36.79%). Application of this same criterion to the black population indicates that this group constitutes a higher share of the population in the 100-, 200-, and 500-ft buffers but not the 5,280-ft buffer (60.31% and 66.96%, respectively).
RESULTS AND THEIR DISCUSSION
Unfortunately, the focus on deciding on a defensible definition of disproportionality may lead practitioners away from critically thinking about the ramifications of certain mathematical approaches. One potential remedy is to examine frequency distributions. For the US-92 case, the distribution of the proportions of low-income people by block group is generally consistent with a normal distribution for all three reference areas (Figure 3) . The data show some skewness to the right but generally conform to a normal distribution. Thus, a decision threshold based on the mean or the deviation from the mean seems reasonable. The histogram of the proportions of black individuals, however, shows a distribution that is decidedly not normal (Figure 3 ). In the city, the distribution is clearly bimodal. In the MSA and the county, the distribution is strongly skewed to the right. This may be a function of the way in which census geography is drawn up, in which one of the goals is to generate internally homogeneous areas. It also reflects the social reality of segregation in many U.S. cities. Although a mathematical mean can be generated from these data, the distributions indicate that there is really no central tendency.
For the EJ assessment of the US-92 project, the implication of these patterns is that a method that sets the decision threshold on the basis of the mean or the distance from the mean (e.g., a standard deviation) is clearly an arbitrary method. As these data show, with substantial clustering at the very low percentages (most observations, <5%), the calculated mean is greatly influenced by the small number of highpercentage block groups. This effect is compounded when that mean is used to calculate the plus 25% and the standard deviation decision thresholds. Either of these two methods might result in a decision threshold that excludes a number of census block groups, even though they include a considerably higher population of protected groups than the majority of the block groups in the reference area. The histograms reveal that selection of the decision threshold that is closest to the largest number of observations would be the least likely to exclude block groups with populations of protected groups that are mathematically different. These data indicate that the absolute decision threshold is the best reflection of the actual data distribution, particularly when the city is used as the reference area, for which the absolute threshold value is 32.66%, which falls below the gap in the data.
As for the selection of the reference area, there is some indication that this assessment should use the city as the reference area. MSA designations aim to provide a "statistical representation of the social and economic linkages between urban cores and outlying integrated areas" (21, p. 2), yet the fact that the distributions of protected populations is not even across the MSA indicates that the area may lack any appreciable level of integration. Furthermore, Flagler County contains only a fraction of the number of census block groups as even the city of Daytona Beach, thus indicating that it is a rural county and thus may not be comparable to the city or even to Volusia County. By use of the city as a reference area and by application of the absolute threshold, a finding of the presence of higher numbers of low-income and black individuals inside all the study area buffers is made. No other groups have percentages higher than the absolute threshold compared with the citywide figure, although for the AIAN population, the study area levels are only slightly below the city level. The results illustrate how an EJ assessment can be very sensitive to small differences in values and highlight the need to verify the findings of assessments on the basis of secondary data in the field. Furthermore, these small differences could be challenged on the basis of minority undercounting; therefore, a statistical procedure should be applied to test for the existence and strength of the relationship between percentages higher than that for the reference area and whether a block group is inside a buffer.
A number of statistical techniques can be applied to make a determination of the statistical significance of a relationship, including the often used chi-square test. One drawback to this method and many other statistical tests is that it has minimum frequency counts for the categories. Therefore, it is not appropriate for testing of the relation- ships in very small buffer sizes. Again, findings for these small areas should be verified in the field. For this analysis, a chi-square value is calculated to determine if there is a statistically significant relationship between a block group with a population percentage greater than the citywide value and whether that block group falls inside the 5,280-ft buffer. The chisquare values are highly significant (at the .01 confidence level) for the low-income and black categories: 11.25 and 7.16, respectively. The chi-square values for the other groups were not significant at the .01 or the .05 confidence level. These values support a finding of disproportionate populations of low-income and black individuals inside the 5,280-ft buffer area. To test the strength of the relationship, Cramér's V value was calculated to be .433 for the low-income group and .345 for the black group. This demonstrates that there is considerable strength in the relationship and further supports the finding of disproportionality.
CONCLUSION
The US-92 case illustrates that the choices of reference area and study area, combined with the method for calculating the decision thresh- old for determining disproportionality, can alter the findings of an EJ assessment. None of these methods is inherently wrong, but they can mask the presence and distribution of protected populations. Thus, to determine the best approach, close attention must be given to the specific characteristics and peculiarities of project-specific data. Deciding on the method a priori may lead to conclusions that are difficult to defend, that are arbitrary, or that are even erroneous. Practitioners should examine all the data, the calculation methods, the study areas mapped, and histograms to ensure that the method applied has not obscured a pattern in the spatial boundaries of the data. A statistical test can then be applied to confirm the findings. Additionally, the data and the results must always be verified in the field.
With experience, the industry may be able to settle on a standard set of approaches. Even then, practitioners will need to handle the data with care and insight. Despite the complexity, it is in the long-term interest of agencies not to shy away from conducting EJ assessments because of the fear that they may uncover additional obstacles to a project. Rather, an early, thoughtful EJ assessment will likely head off conflicts and costs later in the process. It also will offer a fuller picture of the true costs of a project by identifying the degree and type of mitigation that will be required. Conversely, it is in the interest of advocates for protected populations not to design an assessment so that a finding of disproportionality is guaranteed. Any disingenuous practice would discredit the entire idea that there is EJ. Although it may be tempting to begin with an a priori expectation of findings, especially in controversial projects, good practice requires that the assessment be conducted genuinely.
An EJ assessment is not concerned with finding causality or identifying an at-fault party. Rather, it is about locating and addressing inequities or potential inequities, whatever their source or cause, examined apart from ideology or accusations of racism. No moral judgment is passed on a finding of disproportionality of a protected population but is passed only in the failure to recognize and (to at least attempt to) remedy it. This recognition will open up opportunities to design projects and mitigation strategies that can bring lasting positive benefits to some of the country's most vulnerable citizens. Although society seems to be able to tolerate great inequity in income, the principled application of EJ principles in transportation planning offers a mechanism to greatly improve equity in the quality of life.
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